Randomised trial of addition of lamivudine or lamivudine plus loviride to zidovudine-containing regimens for patients with HIV-1 infection: the CAESAR trial CAESAR Coordinating Committee* THE LANCET
Summary
Background Previous studies have shown that combination therapy with lamivudine plus zidovudine causes pronounced and sustained increases in CD4 counts and reductions in viral load in individuals infected with HIV-1. We assessed the clinical benefit of the addition of lamivudine to zidovudine-based regimens in patients infected with HIV-1 who had CD4 counts of 25-250/µL.
Methods
Eligible patients receiving zidovudine monotherapy or zidovudine plus zalcitabine or didanosine combination therapy were assigned 52 weeks of treatment with the addition of placebo, lamivudine (150 mg twice a day), or lamivudine (150 mg twice a day) plus loviride (100 mg three times a day). Patients were unaware of type of treatment allocated. The primary endpoint was progression to a new protocol-defined AIDS event or death.
Findings The study was terminated following the second interim analysis because of a highly significant reduction in progression to AIDS or death in the patients treated with lamivudine rather than placebo. In the final analysis of 1840 patients, progression had occurred in 95 (20%) of 471 placebo-treated patients, 86 (9%) of 907 lamivudinetreated patients, and 42 (9%) of 462 patients who received lamivudine plus loviride (p<0·0001, relative hazard 0·42 [95% CI 0·32-0·57]). A significant survival benefit was also seen (p=0·0007, relative hazard 0·40 [0·23-0·69]). Significantly fewer patients in the lamivudine group than in the placebo group required hospital admission, unscheduled visits, or prescribed medications for HIVrelated events. There were no differences in the frequency or severity of clinical or laboratory toxicities between the treatment groups.
Introduction
The treatment of HIV-1 infection has changed in recent years from the use of single antiretroviral agents to treatment with combinations of two or more drugs. The scientific and empirical rationale for multi-drug therapy has been supported by several recent clinical studies which have demonstrated significant reductions in the rate of mortality and disease progression for patients receiving combination therapy compared with singleagent therapy. [1] [2] [3] [4] Combination treatment with lamivudine (Glaxo Wellcome) plus zidovudine (Glaxo Wellcome) caused pronounced and sustained increases in CD4-cell counts and reductions in HIV-1 viral load in four separate studies, done in both previously antiretroviral untreated and pretreated HIV-1-positive patients. [5] [6] [7] [8] Meta-analysis of these four studies showed that these treatment-induced changes in CD4 count and viral load were associated with a reduction in disease progression. 9 Because these studies were done in relatively healthy patients (CD4 range 100-500/µL) the majority of clinical events included in this meta-analysis were the development of Centers for Disease Control and Prevention Stage B (CDC B) AIDSrelated complex events in patients who were symptom free at baseline. The CAESAR study was designed to find out the effect of adding lamivudine to zidovudine-based therapy on the rate of progression to AIDS and death in patients with more advanced HIV-1 disease.
Patients and methods
CAESAR was a randomised double-blind, double-dummy, placebo-controlled trial done in Canada, Australia, Europe, and South Africa. HIV-1-positive patients with a CD4 count of 25-250/µL were randomly allocated to receive placebo, lamivudine (150 mg twice a day), or lamivudine (150 mg twice a day) plus loviride (100 mg three times a day; Janssen Research Foundation) in addition to their current treatment regimen, which could be either zidovudine monotherapy or zidovudine plus didanosine or zalcitabine combination therapy at standard doses. The primary objective of the trial was to compare the rates of progression to a new AIDS-defining event or death in the patients receiving lamivudine versus those receiving placebo.
A third arm was included in the study to assess the additional benefit of the non-nucleoside reverse-transcriptase inhibitor (NNRTI) loviride, measured by changes in the CD4 count and viral load across the three arms of the study in a subset of patients. The study did not have sufficient power to detect a clinical benefit from the addition of loviride.
Major inclusion criteria were age 18 years or older, two consecutive screening CD4 counts of 25-250/µL, a Karnofsky score of at least 70, and no previous use of lamivudine or NNRTIs. Patients at any disease stage of HIV-1, with any duration of previous treatment with nucleoside analogues (including previously untreated patients) were recruited. The protocol was approved by national regulatory bodies where required and by each institution's ethics committee or institutional review board. Each participant gave written informed consent.
After the results of the Delta 1 and AIDS Clinical Trials Group (ACTG) 175 2 trials were announced in September, 1995, the protocol was amended to give patients who had entered CAESAR on zidovudine monotherapy the option of adding didanosine or zalcitabine to their treatment regimen.
Trial endpoints
The primary endpoint of the trial was progression to a new protocol-defined AIDS event or death. AIDS-defining events, classified according to the 1993 CDC case definition 10 were divided by severity into group 1 events (mucocutaneous Kaposi's sarcoma, pulmonary and extrapulmonary tuberculosis, oesophageal candidosis, chronic herpes-simplex ulceration, recurrent bacterial pneumonia) and group 2 events (all other AIDS-defining events). This grading system was based on analyses of survival after diagnosis of AIDS events in two large cohort studies. 11, 12 Disease progression was defined according to an individual's baseline disease stage: for patients without AIDS at enrolment in the trial, progression was classified as any new AIDS event or death; for patients with a group 1 AIDS event at baseline, progression was classified as development of any group 2 AIDS event or death; and for patients with a group 2 event at baseline, progression was classified as development of any new group 2 event or death (ie, for patients with a previous diagnosis of AIDS at baseline, the development of a group 1 AIDS event was not classified as a study endpoint). All AIDS events and deaths were independently assessed in real time by members of a review committee who had no knowledge of treatment allocation.
A secondary objective of the trial was to assess changes in CD4-cell counts and plasma HIV-1 RNA concentrations in a subset of patients enrolled in France and Belgium. CD4 counts and HIV-1 RNA concentrations were measured in a central laboratory. The Amplicor assay (Roche Molecular Systems, Branchburg, USA) was used to measure HIV-1 RNA values.
Another secondary objective was to assess the impact of treatments associated with the management of HIV-1-related events on health-care resources. Prospective data were collected on all hospital admissions, unscheduled visits, and medications (other than study drugs) prescribed for HIV-related events.
Trial protocol
Patients were allocated treatment in a ratio of 1:2:1 (placebo: lamivudine: lamivudine plus loviride) by a centrally administered minimisation algorithm, based on disease stage, CD4 count, and current treatment at screening. Patients were assessed at enrolment, week 2, week 4, week 8, and week 12 and then every 8 weeks up to week 52. All laboratory tests were done in central laboratories. Patients who discontinued trial medication or withdrew from the trial for any reason were followed up for information on adverse events and HIV-1 disease events. Clinical and laboratory adverse events were collected and classified according to the ACTG grading system. Three interim analyses of efficacy and safety, for review by an independent data and safety monitoring board under blinded conditions, were planned. The Peto rule (p=0·001 for the primary efficacy comparison of the lamivudine and placebo arms) was used as a guideline for stopping the trial. 13 
Statistical analyses
All analyses were done on an intent-to-treat basis, including all data available on patients who received at least one dose of study drugs, irrespective of discontinuation of study drug or withdrawal from the trial. The primary outcome, time to progression to a new protocol-defined AIDS event or death, was compared for those taking lamivudine relative to those taking placebo by the log-rank test stratified by baseline CD4 count, AIDS diagnosis, and current treatment. Patients who did not progress to the primary endpoint were censored using their date of last followup. Cox's proportional hazards models, adjusted for the same screening variables, were used to estimate the relative hazard of progression for those taking lamivudine relative to those taking Figure 1: Trial profile placebo, with associated 95% CIs. The analyses were then repeated for preplanned subgroups defined by screening CD4 count (25-100/µL, >100-175/µL, and >175-250/µL), presence of AIDS at baseline, and current treatment at screening (monotherapy or combination therapy). An additional post-hoc subgroup analysis was done for groups who had less than 6 months, 6-24 months, and more than 24 months of previous antiretroviral therapy at enrolment. The primary analysis was also repeated with an endpoint of death or any new AIDSdefining events (irrespective of the group 1 or 2 staging system). The study was designed to have more than 80% power to detect a difference in the rates of progression over 52 weeks between 16% in the group taking placebo and 10% in the group taking lamivudine.
Summary statistics of change in CD4 count and HIV-1 RNA were compared between treatment arms by the Van Elteren test 14 stratified by baseline CD4 count, AIDS, and current treatment at screening.
The time to first grade 3 or 4 clinical and/or laboratory toxicity was compared between treatment arms by the log-rank test. The frequency of specific adverse events was compared between treatment arms by Fisher's-exact test. Two-sided tests of significance were used throughout.
Results
Enrolment and baseline demography A total of 1895 patients were randomly assigned drug treatment (figure 1). Data from all patients were included in the second interim analysis, upon which the decision was made to stop the study. 55 patients were excluded from the final analysis: 35 patients did not start the study medication and data on all 20 patients enrolled at one centre were excluded because of concerns over the quality of the data collected in this centre. 1840 patients were included in the final analysis.
The baseline characteristics of the study population are listed in table 1. Treatment groups were well matched with no significant differences between the three arms of the trial. The median CD4 count at entry was 126/µL, 1598 (87%) of the patients in the study were male, and 1594 (87%) of the population acquired HIV-1 via sexual contact. 1353 (74%) patients had no previous AIDSdefining event at enrolment. 310 (17%) patients were naive to antiretroviral therapy at baseline (<4 weeks of previous therapy). Of the patients who had experienced antiretroviral therapy, the median duration of previous treatment was 28 months. 1139 (62%) patients were on zidovudine therapy alone when they entered the trial, 698 (38%) patients received concurrent combination therapy.
Study termination: interim analysis
The CAESAR study was terminated following independent review of the second interim analysis by the Data and Safety Monitoring Board. At this time 70% of the total projected follow-up time (1315 of 1895 patient years) had been completed. All patients remaining on study medication at the time of trial termination had the medication withdrawn at their next clinic visit. Based on the recommendation of the Data and Safety Monitoring Board, the study was stopped. Given the high proportion of total follow-up completed, we concluded that there was no benefit in continuing the two lamivudine-containing arms of the trial as there would be no possibility of detecting any further difference between these two arms.
The disposition of the study population at the time of the final analysis is given in figure 1 . The median duration of follow-up for the whole study population was 52 weeks. The median time on study drug was also 52 weeks, with no significant difference between the three treatment groups, reflecting the excellent compliance of the study population. All patients discontinuing study medication prematurely, including those who switched to open-label study medication after reaching a protocol-defined endpoint, remained unaware of their treatment allocation until data collection was complete at the end of the study.
By the time of the data cutoff for the second interim analysis, 199 patients had reached a primary clinical endpoint of progression to a new protocol-defined AIDS event or death. At the interim analysis, the rates of progression to the primary endpoint were 81 (17%) of 482 patients in the current treatment plus placebo group, figure 2 ). An analysis of the final data including all new AIDSdefining events or deaths, without taking account of the patient's baseline disease status, gave a similar result to the primary analysis which graded endpoints according to the patient's baseline disease status (relative hazard 0·41
[0·31-0·55] for comparison of lamivudine and placebo arms, table 2).
Survival
Overall 65 deaths occurred during the study; in addition to the 37 deaths included as primary endpoints there were 28 deaths during the trial follow-up. In the final analysis there was a significant survival benefit in those who were given lamivudine compared with those who were given placebo (p=0·0007, relative hazard 0·40 [0·23-0·69], table 2). There was no difference in the proportions of non-HIV-1-related deaths across the three treatment arms. No deaths were attributed to the use of lamivudine or loviride.
Subgroup analyses
Preplanned subgroups were analysed according to baseline CD4 count (25-100/µL, >100-175/µL, >175-250/µL), disease stage at entry (AIDS or non-AIDS) and current antiretroviral treatment (zidovudine monotherapy or combination therapy). An additional post-hoc subgroup analysis was done to assess the effect of duration of previous antiretroviral treatment on outcome (<6 months; 6-24 months; >24 months). The progression rates, hazard ratios, and 95% CIs for these subgroups are indicated in table 3 and figure 3 . A consistent reduction in risk for the lamivudine group compared with placebo was apparent in each of the subgroups analysed.
Although there was no difference in the progression rates between the lamivudine and lamivudine plus loviride arms overall, an analysis of progression rates stratified by Changes in CD4 count and viral load CD4 counts and plasma HIV-1 viral load were measured prospectively over the first 28 weeks of treatment in the 326 patients recruited in France and Belgium. There was a minimal response in the CD4 count and viral load of patients continuing current treatment alone (figure 4). Patients in the lamivudine and lamivudine plus loviride arms experienced median peak CD4 cell increases of 43/µL and 74/µL from baseline at week 4, which remained at 23/µL and 22/µL, respectively, above baseline at week 28. The difference in CD4-cell counts between the lamivudine-containing arms and the placebo arm was about 34/µL at week 28.
The maximum change in viral load for patients in the lamivudine arm was a median reduction of 0·67 log 10 HIV-1 RNA copies at week 2, returning to 0·1 log 10 below baseline by week 28. The corresponding reductions at weeks 2 and 28 for patients in the lamivudine plus loviride arm were 0·79 log 10 and 0·25 log 10 HIV-1 RNA copies below baseline, respectively.
Use of healthcare resources
The numbers of patients requiring at least one hospital admission, unscheduled visit, or prescribed medication for any HIV-1-related event during the course of the study are shown in table 4. Significantly fewer patients in the lamivudine arm than in the placebo arm required hospital admission (p=0·002), unscheduled outpatient visits (p=0·013), or prescribed medications (p<0·001) for HIV-1-related events. No significant additional reduction in healthcare use was observed in patients receiving loviride plus lamivudine compared with lamivudine.
Safety
The addition of lamivudine or lamivudine plus loviride to zidovudine, zidovudine plus zalcitabine, or zidovudine plus didanosine therapy did not result in any significant increase in the frequency or severity of adverse effects or abnormalities found in laboratory testing compared with placebo. The most frequently occurring grade 3 or 4 abnormalities found by laboratory tests and adverse effects were neutropenia (15%), raised creatine phosphokinase concentrations (5%), raised alanine or aspartate aminotransferases (4%), thrombocytopenia (3%), anaemia (2%), fever (1%,), and diarrhoea (1%). The frequency of rash was low, with no greater frequency in the loviride-containing arm. All study regimens were well tolerated, with only 3% of patients discontinuing treatment because of an adverse effect of any description.
Discussion
The CAESAR trial showed a highly significant reduction in progression to the combined endpoint of a new AIDS event or death for patients who received lamivudine plus zidovudine-containing regimens compared with patients maintained on zidovudine-containing regimens alone. The relative reduction in disease progression and death of 57% over 1 year for the addition of lamivudine compared with placebo in the total population represents a clinically meaningful benefit for the addition of lamivudine. Importantly, for survival alone a significant benefit was also shown for lamivudine compared with placebo. These results confirm and extend the clinical data described in *Baseline CD4 count data were not available for ten patients. †Current treatment data were not available for three patients. ‡Data on previous antiretroviral therapy were not available for 23 patients. Table 3 : Subgroup analysis of rates of progression to AIDS and death the meta-analysis of the four surrogate marker studies of lamivudine plus zidovudine combination therapy, which showed a 49% reduction in the risk of progression to new CDC B or C events for patients treated with lamivudine plus zidovudine compared with control patients. 9 The clinical benefit of lamivudine plus zidovudine treatment was apparent early in the trial, with a divergence between the lamivudine and placebo arms of the study occurring in the time-to-event analysis after the first 3 to 4 months of treatment. The magnitude of the clinical benefit seen for the addition of lamivudine was consistent irrespective of CD4 count, disease stage, or current treatment at entry. A subgroup analysis stratified by duration of previous treatment suggested that the magnitude of clinical benefit increased as the duration of previous antiretroviral exposure decreased. This conclusion is supported by earlier studies of lamivudine, which demonstrated greater and more durable responses to lamivudine plus zidovudine in terms of CD4-count increases and viral-load decreases in patients who had received no previous antiretroviral treatment, than in patients who had received previous zidovudine therapy. [5] [6] [7] [8] These data together support the conclusion that a combination of lamivudine plus zidovudine will provide the greatest clinical benefit to patients who have not previously received other antiretroviral therapies.
The continued use of didanosine or zalcitabine did not appear to provide any additional clinical benefit for patients receiving lamivudine plus zidovudine therapy. A multivariate analysis, controlling for CD4 counts and disease stage at baseline, and including only patients who had received antiretroviral treatment before study entry, showed no independent benefit from the presence of didanosine or zalcitabine in combination with lamivudine and zidovudine, compared with lamivudine in combination with zidovudine alone (data not shown). This was not a preplanned comparison and patients receiving lamivudine in combination with didanosine or zalcitabine may have differed from those receiving zidovudine alone in ways not controlled for in this multivariate analysis.
Three trials have been reported which were designed to assess the clinical benefit of combinations of zidovudine with zalcitabine or didanosine compared with zidovudine alone. 1, 2, 15 In the Delta and ACTG 175 trials, based on CD4 counts at entry and the percentages of patients with a previous AIDS diagnosis at entry into the study, patients were enrolled at an earlier stage in their HIV-1 infection than in the CAESAR study. Based on the same criteria the Community Programs for Clinical Research on AIDS (CPCRA) 007 study 15 enrolled patients with slightly more advanced disease than the patients in CAESAR.
Subgroup analyses were reported in Delta and ACTG 175 for populations defined by the amount of previous antiretroviral treatment. 1, 2 The relative reductions in the risk of progression to AIDS or death in favour of zidovudine plus didanosine or zalcitabine therapy compared with zidovudine alone were within the range of 20-51% for previously untreated patients, and 5-35% for patients who had received previous antiretroviral treatment. In the CPCRA 007 study a subgroup analysis showed that a treatment benefit in favour of combination therapy was only present for patients who had received less than 12 months of previous zidovudine treatment (relative risk reduction 24-28%). The relative reduction in risk for the lamivudine plus zidovudine arm in CAESAR, which contained predominantly antiretroviral-experienced patients (median duration of therapy at baseline 28 months), was 57%. Although comparisons between trials should be treated with caution, because of differences in the populations studied, variable follow-up periods, and possible differences in adjunctive prophylactic therapies, we suggest that the addition of lamivudine to zidovudine treatment provides greater clinical benefit in pretreated patients at least compared with other combinations of two nucleoside analogues.
Data from the EUROSIDA study group also suggested that treatment with lamivudine plus zidovudine may be more effective than combinations of zidovudine with other nucleoside analogues. 16 Mortality data were reported on a total of 2410 patients from the observational-EUROSIDA cohort study in patients who had begun antiretroviral therapy with a regimen that included zidovudine either before study entry or during the study follow-up period. In a multivariate analysis that adjusted for CD4 count, development of AIDS, age, and year of starting therapy, a reduced risk of death was associated with the use of lamivudine, didanosine, stavudine, or zalcitabine used in combination with zidovudine. The risk of death was lowest for the combination of lamivudine with zidovudine (relative hazard 0·41 [95% CI 0·28-0·62]), followed by smaller reductions in risk for the other combinations of nucleoside analogues. The reduction in risk of death associated with lamivudine plus zidovudine therapy of 59% in this cohort was very consistent with the 60% reduction in risk of death seen in CAESAR.
Several explanations have been proposed to account for the relative potency of lamivudine therapy in combination with zidovudine in this setting. Treatment with lamivudine induces a drug-resistant variant of HIV-1 as a result of a single base-pair change at codon 184. 17 In-vitro studies have suggested that lamivudine-resistant HIV-1 variants have a reduced replication capacity or viral fitness compared with wild-type virus. 18 In addition, such variants may enhance the fidelity of reverse transcription leading to less genetic variability in the virus; 19 this could render the virus more susceptible to zidovudine by delaying the time to onset of mutations conferring resistance to zidovudine. Indeed, in naive patients lamivudine delays the onset of zidovudine-associated mutations. 20, 21 In contrast, didanosine or zalcitabine do not appear to delay the onset of zidovudine-associated mutations. 22 Other studies have shown that HIV-1 variants that are resistant to zidovudine regain phenotypic sensitivity to zidovudine in the presence of lamivudine. 20 The increase in the number of mutations required to confer phenotypic resistance to zidovudine in the presence of lamivudine has been proposed as a mechanism for this observation. 23 Although the trial did not have power to detect additional clinical benefit between the lamivudine and the lamivudine plus loviride arms, the effect of loviride in our study population was marginal. The CD4 and viral-load data indicated an incremental benefit in the initial response to treatment for the lamivudine plus loviride arm over the lamivudine arm in the overall population. In patients with higher CD4 counts there was some preliminary evidence of a treatment benefit for the addition of loviride, with fewer clinical endpoints in the lamivudine plus loviride arm compared with the lamivudine arm (three [2%] of 135 vs 15 [6%] of 251), although this difference was not significant. Data from the AVANTI I trial, in which zidovudine plus lamivudine plus loviride and zidovudine plus lamivudine were compared in patients with CD4 counts of 150-500/µL also suggested some additional benefit from the use of loviride in patients with higher CD4 counts. 24 A further study is in progress to confirm these preliminary observations.
Data from other studies of NNRTIs suggest that the role of these compounds will be as part of potent combination therapy regimens for first-line treatment of HIV-1 infection where complete viral suppression will be the goal. 25, 26 In partially suppressive regimens, the rapid development of resistance to NNRTIs appears to limit their efficacy.
In addition to the prospective CD4 and viral-load variables measured in the substudy of CAESAR, a retrospective case-cohort analysis of patients who reached a clinical endpoint versus patients who did not progress is currently being done and will be reported elsewhere.
Lamivudine and loviride were well tolerated in this study, which involved combination regimens of up to four different antiretroviral agents. There were no differences in the frequency of toxic effects between the three treatment arms and the most common laboratory and clinical toxic effects observed were those which have been previously associated with the use of zidovudine. With the advent of more aggressive treatment regimens employing three or four potent antiretroviral drugs, it is encouraging that combination regimens which are well tolerated can be identified.
Management of HIV-1-related events can place a great burden on healthcare services. In this study we observed that the delayed disease progression associated with lamivudine use resulted in significantly fewer patients Vol 349 • May 17, 1997 needing hospital admission, unscheduled outpatient and emergency-care visits, and HIV-1-related medications.
The standard of care in the treatment of HIV-1 infection has changed rapidly in recent years, as indicated by recent consensus guidelines, 27, 28 and a difficulty with large phase-III trials such as CAESAR is that their conclusions may need to be considered in the light of current clinical practice. At the time CAESAR was started (March, 1995) , before the landmark results of the ACTG 175 and Delta trials, which showed the clear superiority of two nucleoside analogues over zidovudine monotherapy, many investigators accepted zidovudine monotherapy as a suitable standard of care. 2 years later many investigators would regard the use of two nucleoside analogues as suboptimal therapy particularly under certain circumstances, such as for patients with high viral loads. Although the results of the CAESAR study are important in showing the clinical benefit of the combination of lamivudine with zidovudine, it is clear that this combination alone will not be sufficient to achieve long-term suppression of HIV-1 viral load below currently detectable limits; considered by many to be the ultimate goal of treatment. Initial data with triple combinations including lamivudine, zidovudine, and one of a number of protease inhibitors have indicated impressive reductions in viral load, sustained below the level of detectability over periods up to 76 weeks. 29 Results of the ACTG 320 study, which compared a triple combination of zidovudine plus lamivudine plus indinavir with zidovudine plus lamivudine, confirm that the addition of a potent protease inhibitor to zidovudine plus lamivudine therapy adds another powerful incremental benefit in delaying disease progression and increasing survival over that seen for the combination of zidovudine and lamivudine in the CAESAR study (ACTG 320 executive summary). These results provide the most compelling evidence of the clinical benefit of combination antiretroviral therapy seen to date and indicate that treatments based on triple combinations of two nucleoside analogues plus a protease inhibitor are likely to become the benchmark against which further therapeutic advances will be measured.
